common host plants in Central Europe, mainly growing in the woods, planted in parks and alleys, or as isolated trees. Various species of Malvaceae (s. str.) (herbs as well as shrubs and trees) are major host plants of Pyrrhocoris apterus in the Mediterranean (Hon k, 1987; P.Š., A.E. -long-term observations) where the linden trees are often missing. The association of P. apterus with Malvaceae (s. str.) in Central Europe is particularly frequent in gardens, waste places and xerothermic biotopes. The locust tree, Robinia pseudacacia, grows (and had formerly been planted) in the Central Europe, and its seeds are often the only source of food in planted woods on lowland sandy or alluvial soils. The trophic association of P. apterus with Robinia pseudacacia is strange since the plant originated in North America, was planted in Europe for the first time in France as early as 1601, and the first record from Czech Republic is from 1710 (Slavík, 1995) . Moreover, the plant is generally unpalatable to European insects.
It is unknown whether P. apterus prefers seeds of some of its host plants on which it is feeding from the young larval instars up to the adult stage, or whether it is just exploiting any of them at random. The small populations of P. apterus in enclaves in which only one kind of its host plants grows (Tilia × herbaceous Malvaceae × Robinia) may be quasi-permanent, lasting for many generations and to a certain degree isolated. We therefore ask whether they have a specific affinity to their host plants or just opportunistically use what is suitable and available. In the former case we would call them specialized trophic populations. The aim of this study is to find out (1) whether Pyrrhocoris apterus is just utilizing any available seeds of a suitable host plant without a distinct preference, or (2) whether there is a specific preference influencing the food choice, and (3) in the latter case, whether such a preference depends on the original host plant. Chemical defence of phytophagous true bugs may depend on the host plant on which they feed (Tullberg et al., 2000) . Knowledge of food requirements of natural populations of a species feeding on several discrete groups of host plants with potentially different levels of toxicity is particularly important for species like Pyrrhocoris apterus, which are used as models in a variety of experimental studies. It is generally believed that host plant ranges of larvae of the phytophagous true bugs are more restricted than those of the adults. We have found a first explicit formulation of this rule by Puchkov (1956) but it is self-evident: the adults are better equipped for dispersal, may encounter more suitable plant species and engage also in feeding on facultative host plants. Therefore, we have compared the seed preferences in adults and the third instar larvae that already engage in seed feeding (Puchkov, 1974) .
Out of the four feeding mechanisms found in phytophagous true bugs (Schaefer & Panizzi, 2000) , Pyrrhocoridae use the lacerate-and-flush method, in which the bugs repeatedly thrust their stylets back and forth until a number of cells has been broken down, and then flush out the seed content with a flow of saliva (Miles, 1972; Cobben, 1978; Backus, 1988; Schaefer & Panizzi, 2000) . Since this feeding method requires usually a considerable amount of time, the actual duration of feeding may vary among different kinds of host plant seeds. We have tested whether the feeding duration in adults and in the third instar larvae was affected (1) by the species of seeds, and (2) by the original host plant at which the founders of laboratory cultures of P. apterus were collected.
MATERIAL AND METHODS

Pyrrhocoris apterus
Brachypterous adults of Pyrrhocoris apterus were collected over the territory of Prague, Central Bohemia, Czech Republic from three localities of Robinia pseudacacia (50°8´N, 14°24´E), Tilia platyphyllos (50°8´N, 14°22´E) and Malva neglecta (50°5´N, 14°22´E).
At each locality only one species of the host plant was available, and occurred there for at least three years (Malva neglecta) to several decades (Robinia pseudacacia, Tilia platyphyllos). All the larval instars as well as adults of P. apterus were always present and feeding on the host plant. The localities chosen were about 200 m distant from those with different host plants to prevent chance dispersal and they allowed for hibernation. Groups of Pyrrhocoris apterus differing by locality and original host plant were used for establishment of laboratory cultures (hereafter called "host-plant groups"). The cultures were maintained on a diet of seeds of Robinia pseudacacia, Tilia platyphyllos and Althaea officinalis, respectively, and water. The minute seeds of Malva neglecta were replaced by those of Althaea officinalis since the former cannot be picked up in field and are not commercially available. The genera Alcea and Althaea are closely related to Malva, the species Alcea rosea and Althaea officinalis are widely planted in gardens of Prague, and often function as supplementary host plants. Both the species, regardless whether native or escaped, are host plants of P. apterus (A.E. and P.Š., pers.obs.) in the Mediterranean; the same is true for Prague gardens. Consequently, the opportunistic switch to their seeds in cultures and experiments is legitimate, and the population will be regarded as coming from Althea officinalis hereafter.
The other cultures were reared on species of seeds corresponding to their original host plants. Therefore, in the case of existence of trophic populations, our laboratory cultures would have the same preferences as P. apterus from original localities. New (laboratory born F1) generations of the third instar larvae and adults were used for testing. P. apterus in cultures was reared at temperature of 25°C and 14L : 10D photoperiod.
Seeds
In our experiments we used dry ripe seeds of Alcea rosea (average size -5 mm in diameter), Althaea officinalis (2 mm), Tilia cordata (5 mm), Tilia platyphyllos (10 mm) and Robinia pseudacacia (6 mm). Seeds of Robinia pseudacacia, Tilia cordata and Tilia platyphyllos were collected in field, those of Alcea rosea and Althaea officinalis were purchased from commercial suppliers. The seeds were offered intact, only those of Tilia platyphyllos offered to larvae were cracked, because the larval stylets cannot penetrate their thick pericarp (Hon k, 1987) .
Experimental design Preference of seeds in multiple-choice experiments
Pyrrhocoris apterus was offered a multiple choice among the seeds of Alcea rosea, Althaea officinalis, Tilia cordata, Tilia platyphyllos, and Robinia pseudacacia. We simultaneously pre-sented five seeds of each species, but six seeds of Althaea officinalis, a species with the smallest seeds.
To standardize their feeding motivation, adults were starved for seven and larvae for three days prior to the experiment. At the beginning of the experiment, an individual of P. apterus was placed in a Petri dish (9 cm diameter) with all the seeds grouped in the centre. Behaviour of Pyrrhocoris apterus was observed for 60 min, and the seed handling and duration of feeding was recorded. The seed was scored as preferred, when it was the first choice, and the bug was feeding on it for at least 30 min. This limit was set according to observations that feeding lasting less than 30 min frequently results in abandoning the seed and an immediate attempt to suck on another one. Such short initial attempts were classified as abandoned choices of unsuitable seeds. The realized feeding was characterised by insertion of the stylets into the seed followed by rhythmic movements of the labium (Socha et al., 1998) accompanied also by rhythmic movements of the antennae. If the individual did not feed during the experiment at all, it was tested again after 48 hours. We have tested 30 adults and 30 third instar larvae originating from each of the three host-plant groups (Robinia, Tilia, Alcea).
Duration of feeding
Part of the feeding duration measurements was taken during multiple-choice experiments. In this case the feeding of P. apterus was not interrupted after the period of the multiplechoice experiment (60 min) has elapsed. To measure the duration of feeding on non-preferred seeds and also to get sufficient number of measurements, other P. apterus individuals were offered only one kind of seeds. Again, only feeding lasting at least 30 min was taken into account. Since P. apterus (both larvae and adults) usually refused to suck on non-preferred kinds of seeds, we have obtained a sufficient number of measurements only for seeds of Althaea officinalis, Tilia platyphyllos, and Robinia pseudacaci (not for Alcea rosea and Tilia cordata). Each P. apterus individual was used only once. In total, we have measured the feeding durations of ten adults and ten third instar larvae from each of the three host-plant groups (Robinia, Tilia, Alcea) for each species of seed.
Data analysis
Data from food preference experiments were expressed as counts of the individuals from different host-plant group (represented by laboratory cultures) that preferred a particular species of seeds. Resulting contingency tables were subjected to loglinear analysis to test whether food preferences of the bugs were independent on their host plants, and whether the third instar larvae preferred the same seeds as adults.
We used Nested design ANOVA to compare durations of feeding between the different species of seeds and between the different host-plant groups. Feeding duration was a response variable; host-plant group and species of seed were factors, with species of seed nested in host-plant group. We applied Fisher LSD post-hoc tests for pairwise comparisons between levels of the factors tested.
All calculations were performed by using STATISTICA software; all the p-values mentioned are two-tailed.
RESULTS
Seed preference
Individuals originating from different host-plant groups did not differ significantly in their food preferences (adults: 2 = 7.58, d.f. = 8, p = 0.48; larvae: 2 = 8.19, d.f. = 8, p = 0.42). In other words, the species of seeds P. apterus were reared on as well as host plants at the localities where founders of laboratory cultures were collected did not influence their present food preferences. Therefore, we pooled the data from the three host-plant groups to compare preferences of the third instar larvae and adults, males and females, and to test whether the counts of individuals that preferred various species of the seeds differ from chance.
Adults and the third instar larvae had different food preferences ( 2 = 35.19, d.f. = 4, p < 0.01). Counts of adults that preferred various species of seed differed from chance ( 2 = 124.00, d.f. = 4, p < 0.01). The adults preferred seeds of Robinia pseudacacia (60% of tested individuals), followed by Althaea officinalis (34.4%), and by Tilia cordata (5.6%). Not a single individual preferred Alcea rosea and Tilia platyphyllos (Table 1) . We have found no difference between seed preferences of males (n = 43) and females (n = 47; 2 = 0.85, d.f. = 4, p = 0.93).
Counts of the third instar larvae that preferred various species of seeds differed from chance ( 2 = 83.00, d.f. = 4, p < 0.01). Larvae preferred seeds of Althaea officinalis (51.1%), followed by Robinia pseudacacia (28.9%), and Tilia platyphyllos (20%). Not a single individual preferred Alcea rosea and Tilia cordata ( Table 2) .
Duration of feeding
Origin of adults from a particular host-plant group had no effect on feeding duration on a particular species of their seed (Nested design ANOVA: F2,81 = 2.71, p = 0.07; Fig. 1 ). The feeding duration was, however, affected by the species of seed (F6,81 = 4.62, p < 0.01; Fig. 1 in populations coming from Robinia pseudacacia and Tilia platyphyllos (Fisher LSD tests: p < 0.05 in all comparisons).
In the third instar larvae, the feeding duration was significantly influenced by the host-plant group to which the larvae belonged (Nested design ANOVA: F2,81 = 7.74, p < 0.01; Fig. 2 ). Larvae reared on Robinia pseudacacia sucked significantly longer on all species of seeds than larvae from the other two cultures (Fisher LSD tests: p < 0.01 in both comparisons). The feeding duration of the third instar larvae was also influenced by the species of seed (Nested design ANOVA: F6,81 = 2.90, p = 0.01; Fig. 2 ). The larvae sucked longer on the seeds of Althaea officinalis (mean 163.9 min) and Robinia pseudacacia (mean 144 min.) than on seeds of Tilia platyphyllos (mean 93.3 min), but the pairwise comparisons were significant only in cultures reared on Robinia pseudacacia and Althea officinalis (Fisher LSD tests: p < 0.05 in all comparisons).
DISCUSSION
Seed preferences
Seed preferences of the firebugs were not influenced by the original host plant that the adults and the third instar larvae came from. Therefore there is no evidence to believe in existence of specialised trophic populations and our original hypothesis was not confirmed. The firebugs are apparently quite versatile in their food choice, and even isolated populations living on a particular host plant are able to switch easily to another, preferred or more readily available food. The versatility of their food choice may help firebugs to colonize new localities even when their dispersal abilities are limited by their inability to fly.
The adult firebugs preferred seeds of Robinia pseudacacia (60%) over those of Althaea officinalis (34%); Tilia cordata was preferred by the rest (6%). The preferences of larvae were somewhat different and more widespread: Althaea officinalis (51%), Robinia pseudacacia (29%) and Tilia platyphyllos (20%). Tischler (1959) also noticed that laboratory reared firebugs preferred seeds of the Malvaceae (s. str.) against those of Tilia. These preferences cannot presently be explained phytochemically, nutritionally or by mechanical properties of the seeds. However, we offer a few comments. Pyrrhocorris apterus can certainly overcome strong phytochemical defences since it may complete its life cycle on seeds of trees that are generally avoided by phytophagous insects (Tilia, Robinia). For instance, the firebug is resistant to farnesol, contained in Tilia seeds, that exerts a juvenoid effect on other insects (Sláma, 1969) ; the firebug can apparently overcome the effects of allelopathic chemicals of Robinia as well. It is remarkable how quickly the firebug has exploited resources of this deuterochthonous tree present in Europe for just about 400 years, although it has never adapted to the native European species of Fabaceae (with the exception of the Sino-Siberian shrub Caragana arborescens widely planted in the Ukraine (Puchkov, 1956) . However, Pyrrhocoris apterus reared on seeds of Robinia pseudacacia has shorter lifespan then those reared on seeds of Tilia spp. or various Malvaceae (Hauznerová, 2003) . An obvious advantage to live and feed on Robinia pseudacacia and Tilia spp. is avoidance of competition for seeds with other insects. The order of preference by the third instar firebug larvae has two complementary explanations. The sequence Althaea officinalis -Robinia pseudacacia -Tilia platyphyllos corresponds to the increasing thickness of the seed pericarp (though the linden seeds have been cracked in the experiments), and the penetration of a thicker pericarp by stylets of firebug larvae should last longer. Moreover, the firebug inhabits basically an extensive southern belt of the Palaearctic (excl. non-maghrebian part of Africa and and Tilia platyphyllos (grey boxes). Ten P. apterus were tested in each combination. Points -means, boxes -standard errors, whiskers -95% confidence intervals. Fig. 2 . Feeding durations of the third instar larvae of Pyrrhocoris apterus originating from three host-plant groups (Robinia pseudacacia, Althaea officinalis and Tilia platyphyllos) on seeds of Robinia pseudacacia (white boxes), Althaea officinalis (black boxes), and Tilia platyphyllos (grey boxes). Ten P. apterus were tested in each combination. Points -means, boxes -standard errors, whiskers -95% confidence intervals.
the Far East) and Pakistan, including extensive treeless areas, and we may hypothesize that the herbaceous Malvaceae (s. str.) are its original host plants. The readiness of the firebugs to accept a number of diverse malvaceous herbs as host plants also supports this hypothesis. Since the larvae of the phytophagous species of Heteroptera are more conservative than the adults in their food choice, the larval preference for the autochthonous Althaea over a recently invaded and taxonomically distant Robinia makes sense.
Feeding duration
Feeding durations may be affected by many factors, whose influence may depend on the feeding method of a particular heteropteran species. Unfortunately, comparative data on feeding durations are scarce, because majority of food preference studies have concentrated on survival and reproduction of bugs reared on different diets (for review see Schaefer & Panizzi, 2000) .
Feeding durations of the adult firebugs were not influenced by the host-plant group. Surprisingly, the third instar larvae from Robinia pseudacacia host-plant group were feeding longer on all species of seeds than the larvae from the other two host-plant groups. Feeding durations on different species of seeds in the adults and in the third instar larvae followed the same pattern. The firebugs were feeding for longer periods on seeds of Althaea officinalis and Robinia pseudacacia than on those of Tilia platyphyllos (seed size 10 mm). These results cannot be interpreted by different seed sizes -feeding durations on 2 mm seeds of Althea officinalis and on 6 mm seeds of Robinia pseudacacia were closely similar. The differences in feeding durations may be associated with the seed preferences -longer feeding durations were measured on the preferred species of seeds (Robinia pseudacacia and Althea officinalis). Positive correlation between food preference and feeding duration was found in Nezara virudula (Pentatomidae) feeding on green and red tomato fruits (Lye & Story, 1988) . On the contrary, Ventura et al. (2000) found no correlation between seed preference and feeding duration in Neomegalotomus parvus (Alydidae) feeding on seeds of several species of leguminous plants (Fabaceae). Generally, we can suggest several reasons that affect duration of feeding on a modal seed of a particular plant species, viz (a) palatability of the seed, (b) amount and concentration of nutrients, (c) amount or concentration of secondary metabolites, (d) efforts required for penetration of the pericarp and/or laceration and sucking the liquefied seed material. Without more detailed inquiry it is impossible to assess the significance of longer vs. shorter duration of sucking: e.g., the long duration may indicate flow of highly concentrated nutrients and achievement of a full satiation on one hand, but also slow and long-lasting extraction of a stuff of poor nutritive value. The same is true in reverse for short duration of sucking.
